Clinical evidence suggests that skin is responsive to GH status in uiuo. We sought to demonstrate
A LTERATIONS in skin texture and thickness occur in clinical states of GH deficiency and excess (1). Thus, in acromegaly the skin is thickened and coarsened primarily due to an increase in the amount of dermal collagen (2), whereas in GH deficiency the skin is thin and delicate in character. Studies in intact rats have also shown an effect of administered biosynthetic hGH on collagen content and mechanical strength of skin (3). In dogs, GH deficiency is associated with generalized alopecia (hair loss) and disorganized skin histology, with recovery of hair growth after GH therapy (4).
These effects suggest that skin may be a target tissue for GH, either indirectly via circulating insulin-like growth factor I (IGF-I) or directly via interaction of GH with specific receptors on the surface of epidermal and dermal cells. Direct effects of GH on cultured human skin fibroblasts have been demonstrated, including increased IGF-I (5) and IGF binding protein production (6), and increased thymidine uptake (7). Direct effects of GH require the presence of specific GH receptors which, apart from one study (8) in which '%GH binding was extremely low, has not been reported on skin fibroblasts.
We now report, using the techniques of immunohistochemistry and northern blotting the presence of GH receptor in sections of human skin and in cultured human skin fibroblasts. 
MATERIALS

Results
Human foreskin sections showed strongly positive immunoperoxidase staining for GH receptor antigen in both epidermis and dermis. Epidermal staining occurred in all cell layers except the stratum corneum (Fig. 1A) . Dermal staining occurred in the epithelium of sweat glands (Fig. lc) and the acini of sebaceous glands (Fig. 1E) as well as in scattered connective tissue fibroblasts.
Staining was granular in nature and evenly distributed within cells. Identical staining patterns were observed in specimens obtained from seven different children ranging in age from 3-15 yr.
Fibroblasts derived from foreskin tissue by primary culture also showed positive staining for GH receptor antigen. The nature of the staining observed varied with the method of fixation.
Cells fixed in Carnoy's solution (ethanol/chloroform/acetic acid) showed evenly distributed granular staining (Fig. 2B ) whereas cells fixed in aqueous formaldehyde showed staining which was highly localized to one region of the cell (Fig. 2A) .
No staining was observed with the control monoclonal antibody at the same protein concentration in skin sections (Fig. 1, B, D, F) or cultured fibroblasts fixed in either aqueous formalin (Fig. 2C ) or Carnoy's solution (Fig. 2D) (Fig. 3) . Human liver total RNA also showed one major mRNA species of approximately 4.9 kilobases. Control rabbit liver total RNA showed the expected major mRNA species of 4.6 and 3.2 kilobases (13).
Discussion
This study reports the presence of GH receptors in human skin. Similar results have been reported in a parallel study using the same GH receptor antibody in rat skin (14). The current study extends these findings to cultured human skin fibroblasts, and presents evidence for expression of receptor protein and its messenger RNA (mRNA) in these cells. hepatic human GH receptor and also detected a single mRNA in human liver. The larger sized mRNA in fibroblasts suggests a tissue specific difference in mRNA processing. A low molecular size mRNA that might code for a soluble GH binding protein was not seen in fibroblasts or liver.
The demonstration of GH receptor antigen in human skin tissue is consistent with the clinical observation that skin is sensitive to GH status. Our data support the likelihood that GH has a direct effect in skin in addition to a possible indirect effect mediated by circulating IGF-I. A direct action of GH may be mediated locally by IGF-I (7), as GH stimulates IGF-I production in cultured skin fibroblasts (5) and IGF-I has been shown to stimulate several fibroblast functions including cell replication (25) and type 1 collagen synthesis (26, and S. Oakes unpublished). Possible roles for GH in connective tissue might include involvement in the early stages of cell differentiation as has been shown for mouse embryonic 3T3 preadipose (27) and myoblast (28) cell lines, or involvement in the specialized functions of tissue matrix synthesis.
Localization of GH receptor antigen to dermal sweat gland epithelium and sebaceous gland acini is an interesting finding in view of the clinical observation of increased sweating and sebaceous secretions in acromegaly (1) and impaired sweat production in GH-deficient patients (29). The reasons for this effect are not known but it is possible that GH is a trophic factor for sweat gland and sebaceous gland epithelium. A direct role in hair growth is suggested by the reversal of hair loss after GH administration in GH-deficient dogs (4).
The tissues examined in this study were genital skin samples from males aged 3-15 yr. The question of possible age-, sex-or tissue-related changes in skin GH receptor antigen expression was not specifically addressed. Apart from a parallel study in the rat (14), no other reports of GH receptor expression in skin have been published. Animal studies have shown species and tissue differences with respect to the effects of age and sex on GH receptor expression (reviewed in 22), making prediction of the effects of these factors in human skin difficult. GH receptor immunoreactivity is present in fetal rat skin (30) but whether this truly represents GH receptor or an antigenically related protein is not known. Genital skin undergoes growth at puberty under the influence of sex hormones and in this respect differs from nongenital skin, however no difference was discernable in the immunoreactivity seen in skin obtained from prepubertal compared to pubertal males.
The existence of GH receptors on skin fibroblasts is to be expected since several fibroblast functions have been shown to be modulated by GH. Murphy et al. (8) have reported specific binding of GH to embryonic and postnatal human fibroblast cell lines (l-2% specific binding per lo6 cells). Using similar techniques in several adult skin fibroblast lines we have obtained lower levels of specific binding (0.14-0.57% per lo6 cells, mean 0.30%, n = 13, unpublished observation). Satisfactory and reproduceable data however could not be obtained. The apparent discrepancy between the difficulty in demonstrating GH receptors by binding techniques and the results of immunochemical studies presented above is most easily explained by the low abundance of GH receptors on fibroblasts and the intrinsically greater sensitivity of enzymatically amplified immunochemical detection compared with radiolabel binding techniques. A low abundance of GH receptor is supported by the fact that the large amount of 25 pg/lane of poly A+ mRNA was required to detect the presence of GH receptor mRNA by northern blotting. An alternative explanation for the discrepancy between specific GH binding and immunochemical detection is that the GH receptor antigen detected by immunostaining is nonfunctional. This is not likely given the: reported action of GH in fibroblasts.
In summary, we have demonstrated by immunochemical means the presence of GH receptor antigen in human skin and cultured skin fibroblasts and by northern blotting the presence of GH mRNA in cultured fibroblasts. These findings suggest that skin may be a target for direct GH action in vim.
